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Abstract
A complete phenomenological study of the next-to-lightest neutralino decays
is performed in the MSSM. The widths and branching ratios for all the pos-






 and the decay








) are studied in detail as functions of all the
SuSy parameters of the model. Particular attention is paid to situations that
are interesting for LEP2 searches. Non-trivial decay patterns are found that
critically depend on the region of the parameter space considered.
Pacs numbers: 14.80.Ly, 12.60.Jv







The introduction of supersymmetry (SuSy) can solve the hierarchy problems in the
Standard Model (SM) only if SuSy is broken at the TeV scale. This implies that the SuSy




and pp collider machines planned
for the next years. The possibility of observing the new states depends not only on their
production cross sections but also on their particular decays and consequent signatures, that
might or might not allow their detection in real experiments. Hence, a complete knowledge
of the decay structure and relevant branching ratios (BR's) of the lightest SuSy states (the
rst that could be detected) is crucial for discussing the discovery potential of the dierent
machines.
In the Minimal Supersymmetric Standard Model (MSSM) [1], among the lightest par-
ticles in the SuSy spectrum, there are 4 neutralinos (the SuSy partners of the neutral
electroweak (EW) gauge and Higgs bosons) and 2 charginos (the partners of the charged
gauge and Higgs bosons). In most scenarios, apart from the Lightest SuSy Particle (LSP),
which is in general assumed to be the lightest neutralino (~
0
1
) (stable and invisible), the par-




) and the light chargino (~

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could allow the study of a wide region of the SuSy parameter space [2]. To this respect, it
is crucial to know as well as possible the decay characteristics of the ~
0
2
, that determine the
features of the observed signal.
Analytical results for the neutralino decay widths have been thoroughly studied in Refs.
[3]- [6]. Nevertheless, at the present time, a complete phenomenological analysis, that inves-
tigates the dierent kinematical and dynamical features of neutralino decays corresponding
to dierent regions of the SuSy parameter space, is still missing to our knowledge.
In this paper, we present a comprehensive study of the partial decays widths and BR's















the next-to-lightest neutralino in the MSSM. The dependence on all the SuSy parameters
1
is carefully considered, and non-trivial behaviours are found when varying the dierent
parameters.
We assume the usual MSSM framework [1], that is:
1) Minimal content of particles and gauge groups,
2) Unication conditions for gauge couplings, gaugino and scalar masses at the GUT (Grand-
Unication Theory) scale,
3) R-parity conserved.
We also assume that the lightest neutralino is the LSP.
All masses and couplings are set by choosing the values of a nite set of parameters
at the GUT scale: m
0
(the common scalar mass), m
1=2
(the common gaugino mass), 
(the SuSy Higgs-mixing mass) and tan  (the ratio of vacuum expectation values for the
two Higgs doublets). A further parameter, m
A
0
, is needed to describe the Higgs sector,
in case one does not use the constraints coming from the requirement that the radiative
electroweak-symmetry breaking take place at the correct scale.
In Appendices A and B, we describe the equations that allow to get the complete SuSy
mass spectrum and couplings starting from the above parameters in a standard approxima-
tion. We neglect the possibility of mixing between left and right scalar partners of fermions,
that can be relevant in the top-stop sector, since this has a marginal role in our study. As
for the Higgs sector (that is composed by two minimal doublets), we include the leading
logarithmic radiative corrections to masses and couplings, as described in Appendix B.






production rates and signatures




choice of SuSy parameters. Particular attention is paid to scenarios that are typical of
LEP2 physics.
The plan of the paper is the following. In section 2, all the next-to-lightest neutralino
decay channels in the MSSM are reviewed. Also, we study contour plots of the neutralino-
neutralino and neutralino-chargino mass dierences, that are crucial for the analysis of the




plane. In section 4, some specic scenarios, that are of interest for LEP2 neutralino searches,
are analysed. In section 5, the hypothesis of a light Higgs boson is considered. Finally, in






 is studied. In Appendices A and B, as anticipated
above, the neutralino and chargino mass matrices and the scalar-sector mass spectrum are
discussed, respectively.
II. NEUTRALINO-DECAY CLASSIFICATION
In the MSSM, four fermionic partners of the neutral components of the SM electroweak
gauge and Higgs bosons are predicted: the photino ~, the Z-ino
~
















(partners of the two Higgs-
doublet neutral components). In general, this interaction eigenstates mix, their mixing
being controlled by a mass matrix Y (see Appendix A). By solving a 4-th degree eigenvalue




(i = 1; : : : ; 4) and of the physical composition
of the corresponding eigenstates in terms of the set of independent parameters , M
2
and
tan . Here, we are mainly concerned with the two lightest neutralino states (i = 1; 2). The















< 46GeV, under the assumption that tan  > 2, at LEP1. These limits disappear
if tan  > 1:6 [7]. At LEP2, due to the smaller relative importance of the Z
0
-exchange






production, dierent physical components of neutralinos (and not only
higgsinos) come into play and the common scalar mass m
0
becomes a relevant parameter
too. In this framework, in order to put new direct limits on the neutralino masses, one must




In Ref. [2], the behaviour of the ~
0
1;2
gaugino and higgsino components is studied in
detail in the SuSy parameter space. This is crucial also to understand the dynamics of the
neutralino decays, since dierent components are coupled to dierent particles. For instance,








f , there are two main contributions coming
from the Z
0
and sfermion exchanges. While the gaugino components couple to the scalars,
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the higgsino components couple only to the Z
0
boson, with dierent strength (in the m
f
= 0
limit). Also the neutralino mass spectrum depends on the same three parameters ,M
2
and
tan . A detailed discussion on the ~
0
i
mass spectrum can be found in Refs. [2] and [8].
In what follows, we list all the possible next-to-lightest neutralino decays in the MSSM.
In general, these channels are valid also for heavier neutralinos, although the possibility of
cascade decays can make the decay structure of the heavier neutralinos more complicated.































where ` = e; ;  ;








where q = u; d; s; c; b;






























in the nal state is an isospin doublet of either leptons
or light quarks;
e) decay into a light scalar (h
0


























are part of the MSSM Higgs doublet;








The rst three channels occur through either a Z
0
or a scalar-particle exchange. Dierent
scalar partners come into play: (left or right) selectron (in channel a), (left) sneutrino (in
channel b) and (left or right) squark (in channel c) (see Fig. 1). Assuming massless fermions
makes the channels proceeding through neutral Higgs bosons vanish in a, b and c. We name
s-channels the contributions from diagrams with the two neutralinos entering the same vertex
(Z
0





is heavier than some scalar fermions, the corresponding channels will
proceed through two steps via real sparticles.
A possible gluino in the nal state (~
0
2
! ~gqq) is excluded by the gaugino mass unication
hypothesis, that makes gluinos considerably heavier than light neutralinos.
Cascade decays through a real chargino (d) occur via similar graphs (Fig. 2). The
diagrams for the second-step decay (cfr. Eq. (2.4)) can be obtained by the same graphs by
exchanging the neutralino and the chargino.
As for the channel e, there are ve possible Higgses (either neutral or charged) that could
contribute to the tree-level ~
0
2
decays into a scalar Higgs boson plus a light neutralino or
chargino. For the next-to-lightest neutralino, only decays into the two lightest bosons (i.e.,




masses we are considering here (Fig. 3).




decay into a real scalar plus a fermion (e.g., a selectron plus an electron or a Higgs plus a
5
lightest neutralino), this channel tends to saturate the corresponding width and BR. The
same occurs when the mass dierence between the two lightest neutralino is sucient to
allow the decay into a real Z
0
. In the latter case, the relevant BR's for dierent signatures
recover the Z
0
ones. However, the last possibility never occurs in the LEP2 parameter
regions.
We point out that, apart from the decays into Higgses, that are considered only if the
two-body on-shell decay is allowed by the phase space, our treatment of the three-body
decays always takes into account properly the possibility of decays into two real particles,
whenever this is permitted.







tan  = 1:5 and 30, in the (;M
2
) plane. From these plots, one can immediately infer, for
a given scalar mass, which are the parameter regions where the decays into real scalars are












is plotted. Shaded area
represent situations where this dierence is negative and the neutralino cascade decays
through a chargino are not allowed. For small tan , one can anticipate a sizeable BR for
cascade decays in the positive  half-plane (cfr. section 3).






 are shown in Fig. 6, where the
corresponding graphs with clockwise circulating particles in the loops must be added. The
elds G

are the Goldstone quanta giving masses to charged vector bosons. We assume the
nonlinear R-gauge, that is described in Ref. [6]. One can see that there are many physical
charged particles owing in the loops: all charged standard fermions and their corresponding
scalar partners, the charged vector and Higgs bosons and their fermionic partners, the
charginos. In the SuSy parameter scheme we adopt, relevant contributions come mostly
from the W

/chargino and the top/stop loops, with non-negligible interferences. In this
decay, the visible part of the nal state is given by a monochromatic photon. From Fig. 4,
one can get information on the nal photon energy.
In the following analysis, we mainly concentrate on the MSSM parameter regions not
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excluded at LEP1. Particular attention is given to regions explorable at the forthcoming
experiments, especially at LEP2 (that are shown in Fig. 7).























The lower limit on m
0
is connected to present experimental limits on the masses of the
SuSy partners of leptons and quarks. It generally excludes scenarios where the LSP is a
scalar.
III. STUDY OF THE ~
0
2
BR'S IN THE (;M
2
) PLANE
In this section, we make a detailed study of the BR's for the decay channels a-e (dened
in the previous section) in the (;M
2
) plane, at xed values of m
0






, that, unless tan is near 1, generally implies a h
0









, in the (;M
2
) region covered by LEP2 searches. The light-Higgs







. Everywhere, the widths and BR's connected to the decays into charged
leptons are relative to a single species, while the decays into neutrinos are summed over
three families and the decays into quarks over ve light avours. Analogously, for cascade
decays, the BR for the leptonic channel is for one single species, while the hadronic channels




The BR's for each channel are studied in the (;M
2
) plane for four dierent choices of
the m
0




; tan ) = (M
Z
; 1:5); (3.1a)
(b) : = (M
Z
; 30); (3.1b)
(c) : = (3M
Z
; 1:5); (3.1c)
(d) : = (3M
Z
; 30); (3.1d)






. The observed behaviour is in general highly non-trivial,
due to both the sharp dependence of the neutralino physical composition on  and M
2
[2]
and the corresponding variation in the neutralino mass spectrum (cfr. Fig. 4). Also a weak
dependence on M
2
comes from the spectrum of the scalar masses that enter the t-channel














. In order to get large BR's,
in this case, one needs relatively small m
0
values, so that the t-channel contributions get
substantial with respect to the Z
0
-exchange channel. In this way, one obtains leptonic

















) is larger than 25%
(that corresponds to a BR  75% when summed over three lepton species). However, when
considering the LEP2 realm (Fig. 7), the relative importance of these regions is reduced,
especially for large tan  values. Note that at large tan , the behaviour tends to be more
symmetric with respect to the line  = 0 (Fig. 8b,d).







nal state in ordinary collider


















energy. For instance, one can see that the rejection








) < 20GeV has a moderate inuence on LEP2 physics (cfr.
Fig. 7).
In Fig. 8a, the large BR at moderate values of M
2
and  < 0 is due to the opening of


























, cfr. Appendix B). See Fig. 14 for further details.
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is studied. As in the previous case, low m
0
values
tend to enhance the BR. Note that, in both the charged lepton and the neutrino case, the
corresponding Z
0







in this region, the higgsino components and, consequently, the Z
0
-exchange channel are
dominant, independently of m
0
and tan .
This is also true for the hadronic channel that is considered in Fig. 10. On the other
hand, in the hadronic decay, a low m
0
value can decrease the BR with respect to the Z
0
-
channel expectation. This is due, for a given m
0
, to the larger value of the squark masses
(entering the t-channel contribution), compared to the slepton masses (cfr. Appendix B).
For large m
0




































, respectively. At small values of tan , the importance of this channel is







(cfr. Figs. 11a,c, 12a,c and 5). The leptonic channel can reach a BR of 10%
for each leptonic species at low tan . The relevance of this decay is further increased at
larger m
0
(cfr. Fig. 11c). Raising tan  makes the pattern symmetrical with respect to the
 = 0 axis, although the BR never reaches a sizeable level in the interesting regions (cfr.














. Whenever the light-Higgs mass is lighter








), this process has a large BR due to the two-body nature of





, that corresponds to m
h
0














is the one with small tan  and m
0
(cfr. Fig. 13a). Even in this case, the decay threshold opens mostly at relatively large values
of jj, that correspond to heavier neutralinos. Increasing m
0
(cfr. Fig. 13c), slightly restricts






radiative corrections (cfr. Appendix
9

















is not allowed in almost
the whole (;M
2
) plane considered, due to the increase of m
h
0
with tan  (cfr. Appendix B)








) (cfr. Fig. 4). In Figs. 13b,d an intermediate-tan 
situation is shown.





) can considerably alter the pattern of the ~
0
2
BR's. The case of a lighter Higgs will be considered in section 5.
IV. NEUTRALINO DECAYS AT LEP2






pairs at LEP2 in Ref. [2], we have identied
particular regions and scenarios in the parameter space. These are characterized by specic
dynamical and kinematical properties of the light neutralinos. We have dened as NR



















at xed tan, where
p
s is the c.m. collision energy at LEP2 (
p
s ' 190GeV) (Fig. 7). In
this regions, chargino pair production is kinematically forbidden, while, for moderate values






production can have sizeable cross sections. Of course, neutralino-
pair production can be of help also below the Neutralino Regions, where it complements





















(what we call HCS

, that stands for High Cross Section regions), although,






are dominant and the main production mechanism is through Z
0
exchange.
In these regions, for tan = 1:5, we have chosen a set of six specic points (shown
in Fig. 7a), that can schematize the spectrum of possibilities for the neutralino couplings
and masses: scenarios A, B, C and D in the Neutralino Regions and H

in the High Cross
Section regions. In Tab. I, we show the masses and physical components of the two lightest
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neutralinos and the mass spectrum of charginos and heavier neutralinos, corresponding to
these points in the (;M
2
) plane. Moreover, we show the sfermion spectrum (that also





A more detailed analysis of the dynamical characteristics of these scenarios can be found in
Ref. [2].
In this section, we present a study of the ~
0
2
widths and BR's in these specic cases.




correspond to particularly favourable cases for neutralino production rates, we also study













, but tan  6= 1:5 (see,
e.g., Fig. 7b where tan  = 30).
If not otherwise specied, we will assume that decays into real Higgs bosons are not
kinematically allowed. In this case, there is some inuence of the Higgs sector only in






. The eect of varying m
A
0
will be discussed in section 5.
In Figs. 14{19, we present all partial widths and BR's versus m
0
in the scenarios A,




. In order to understand the general pattern of the decay widths,
one must recall the specic ordering of the scalar masses at xed m
0
, that is predicted by






















into one or more real scalars, the largest decay widths are associated to the corresponding





in Fig. 14, where we study the scenario A (~
0
1;2
dominantly gauginos, cfr. Tab. I). One can
see that the largest rates (up to 1 100MeV) are by far those corresponding to decays into















is summed over all neutrino avours,




60GeV, all sleptons are produced on the
mass-shell. By increasing m
0














, only the Z
0
-exchange contributions survive. Note also the peaks of the leptonic
11

































100GeV, no two-body decay is allowed. On the














is relatively small and almost constant (between 0.1 and 1 KeV)
when varying m
0
. Concerning the radiative decay, the curves are obtained through the













The corresponding BR pattern closely reects the scalar-mass threshold structure

















is more than 80%. Hence, in this regime, the next-to-lightest neutralino is phenomeno-
logically almost equivalent to the LSP, which means that most of the times it just pro-
duces missing energy and momentum in the nal states. This eect tends to concern even
larger ranges of m
0
when tan  increases, due to the relative lowering of the sneutrino mass
with respect to the charged-slepton masses. Also, notice that the presence of two close



































200GeV, the hadronic channel gets more and more










' 500GeV one still has only BR' 4%. Anyhow, concerning searches at











is below the detectability threshold for a realistic machine luminosity (see Ref. [2]).
In Fig. 15, we deal with the scenario B, where the ~
0
1








(cfr. Tab. I). In general, the behaviour of widths and BR's is qualitatively





is above threshold) and the presence of rather strong destructive interference eects in

























' 130GeV (Fig. 15). Indeed, the






gives rise, in particular m
0
ranges, to a comparable
12
size for the s- and t-channel decay contributions with negative interference of the same order
of magnitude. For instance, in the minimum of the width for the decay into electrons, the
s-channel and t-channel contribute 65 and 50 MeV, respectively, while their interference
gives -95 MeV.
In the scenario C (cfr. Tab. I) the larger value ofM
2
with respect to the previous scenarios





can go on mass-shell, while both the invisible and the hadronic
widths, that are dominated by the Z
0
-exchange, keep constant (Fig. 16). As for BR's, the
charged leptonic channels saturate the width up to m
0
' 64GeV (BR' 33% for each lepton
species) (Fig. 16). Note that the relatively small widths for the tree level channels enhance




70GeV, up to about 15%.
The scenario D is chosen in the positive- range (contrary to the previous ones) and, in
particular, in the area of the Neutralino Regions where ~
0
2
cascade decays through a light
chargino are allowed. The physical composition of ~
0
1;2
is given by a mixture of comparable
components of ~ and
~
Z with a small percentage of higgsino components (cfr. Tab. I). In
Fig. 17, the only qualitative new feature in the decay pattern is the presence of sizeable
widths for cascade decays. The latter are almost constant versus m
0
and give rise to BR's





















In Figs. 18 and 19, we present the ~
0
2
widths and BR's in the High Cross Section regions.
In particular, we consider the scenarios H

, dened in Tab. I. One can check that the






are mostly coupled to
the Z
0
boson. Hence, a small dependence on the scalar masses is found. This is the case
especially in the H
 









are quite the same as for Z
0
decays. In Figs. 18 and 19, the widths and BR's for the cascade
channels are also reported. The relative importance of these decay modes is considerable
only in the H
+
case, where the corresponding BR's reach about 18% for the hadronic mode,
and more than 2% for each leptonic channel.
We now proceed to the study of the tan  dependence of the ~
0
2
decay pattern. To this
13












, that are obtained from




, and letting free the tan  value. We then study
the eect of changing tan in the range 1  60. Note that, although scenarios A-D were
originally dened as lying in the Neutralino Regions, the variation of tan  can shift such
regions above some of these scenarios (cfr. Fig. 7). This corresponds to study situations in
the (;M
2
) plane where also chargino production is allowed. Furthermore, changing tan
varies both the mass spectrum and the physical composition of ~
0
1;2













mass dierences (that are crucial quantities entering the phase-space
factor of the ~
0
2







tan  is also observed in the scalar mass spectrum (cfr. Appendix B).
In Figs. 21{26, the behaviour of ~
0
2
widths and BR's as functions of tan is shown.
In the scenario
~




level decay into a light Higgs h
0
is allowed and the corresponding BR is greater than 80%.
Around tan  = 1:5, there is a small transition region where the charged-leptonic channel
saturates the BR, since the decay into a ~e
L;R
is the only possible two-body real channel
(this corresponds to the scenario A described above). For larger tan , there is a combined
eect of the relative decreasing of the sneutrino mass with respect to the charged slepton
masses (cfr. Appendix B) and the increasing Z-ino component in the ~
0
1











decay. Therefore, for large tan the ~
0
2
gives rise mostly to missing energy and
momentum. In the scenario
~






qq is dominant in the whole tan  range














also cascade decays into a ~

1
give a sizeable contribution.
As for scenario
~
D, we note in Fig. 24 a maximum in both the invisible and the hadronic
BR's curves corresponding to a deepening of the charged-leptonic one for tan  ' 10. This














. Here, we observe again a BR pattern
closely connected to the Z
0
BR's with some deviation due to the possible presence of a light
chargino in the cascade decays (see also Fig. 20). In the scenario H
 
, the cascade decays
contribute considerably at large tan, while, in the scenario H
+
, they decrease with tan .
Note the strong (although not phenomenologically relevant) deepening of the radiative decay
width at tan  ' 2:2, due to destructive interference among various contributions.
V. DECREASING THE HIGGS MASSES
In this section we study the sensitivity of the ~
0
2















3, corresponds to a lowering of m
h
0
down to 40-70 GeV, at tan  = 1:5, and to 90-91 GeV,
















is lowered down to M
Z
. The














) > 30% in the (;M
2
) plane, down to




gaugino components are large, which implies a considerable decrease in the BR's for all
the other decay channels in these regions (as can be checked by comparing Figs. 27b-d with


















In Figs. 28 and 29, we study the inuence of the m
A
0
decrease in the scenarios A=
~
A
considered in section 4. The scenario A is the only one, out of the six dened in Tab. 7,













. In Fig. 28, one can see
the m
0











. The inuence of m
0
on the decay width into a Higgs comes from
the radiative correction to m
h
0
through the stop mass (cfr. Appendix B). After the low-m
0
















350GeV, where the b














qq, through the Z
0
-exchange. As for the tan dependence (Fig. 29), the
main eect of lowering m
A
0
with respect to Fig. 21 is an extension of the tan  range where
the decay into a light Higgs is relevant, from about (1-1.4), up to about (1-2). Hence, the
tan  range where the ~
0
2
decays in something visible is quite widened, in the scenario
~
A.



















) is large enough as to give rise to a suciently energetic photon, this channel can
produce a beautiful signature. A monochromatic photon plus missing energy and momentum







) never exceeds 15%, it can reach values as large as 100% in particular regions of the
;M
2
; tan  space, as we are going to show.






) in the (;M
2
) plane at xed m
0
and tan  is stud-





everywhere. Indeed, although m
A
0
sets the mass of the
charged Higgs that ows in the virtual loops (cfr. Fig. 6), this parameter is the less criti-
cal in this study. We have checked that varying m
A
0
in the range (M
Z











studied in Fig. 30 assume either tan  = 1:5 or 4. The BR for the radiative channel de-






, as in the






) is large, that,
particularly for large m
0
values (cfr. Fig. 30c,d), evolves roughly around theM
2
=  2 line.
This corresponds to the region where ~
0
1
is a pure higgsino-B, while ~
0
2
is mostly a photino
(cfr., e.g., Figs. 2.2 and 2.3 in Ref. [2]). This situation hinders all the tree-level decays,









-exchange ones need higgsino components. By the way, the dierent gaugino/higgsino na-
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In Fig. 30, also note that a large fraction of the high-BR region lies in the area excluded by
LEP1 searches. Nevertheless, one can single out particular situations (of interest for LEP2
physics and even beyond), where one can have very large BR's for the radiative channel.
For instance, in Fig. 31, we study two dierent scenarios versus tan :



























' 75GeV. The scenario (ii) concerns heavier neutralino states: for















) is particularly large at moderate tan , although the
total width can be as low as a few 10
 3
eV. The BR is enhanced by increasing m
0
, since
this makes all the other decays widths decrease further.







while their mass dierence grows monotonically with tan . In order to have a suciently
energetic photon, e.g. E

 10GeV, one should restrict to tan 

>
















A more in-depth study of the case of large radiative BR will be carried out in a forth-
coming paper [9].
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APPENDIX A: THE NEUTRALINO AND CHARGINO MASS MATRICES
In the MSSM, four fermionic partners of the neutral components of the SM gauge and
Higgs bosons are predicted: the photino ~, the Z-ino
~
















(partners of the two Higgs-doublet neutral
17













































































 sin 2   cos 2































































































that arises from one-loop RGE's (cfr. Appendix B). The Y matrix (that, excluding CP
violations in this sector of the model, is real and symmetric) can be diagonalized by a



















(i = 1; : : : 4) is the mass eigenvalue relative to the i-th neutralino state, given








. Then, Eq. (A1a) can be rewritten, by using


















































is related to the CP quantum number of the i-th neutralino




and of physical composition of the corresponding eigenstate in terms of the independent
parameter set , M
2
and tan  (a complete treatment can be found in Ref. [8]).





















































































component spinorial-elds of W-inos and charged higgsinos, respectively. The mass matrix







































are the two-component spinors corresponding to the positive- (negative-) charged
part of the four-component Dirac-spinor of ~

i
. After diagonalization, one is able to derive





























We do not consider in this work the small modications of the above general scenario
that could arise from radiative corrections to gaugino/higgsino masses. Recent calcula-
tions [14] at the one-loop level give indication for typical corrections of the order of 6%
(or somewhat higher in particular cases for the lightest neutralino) with same sign for all
neutralino/chargino states. So, they do not change substantially the relative conguration
of neutralino and chargino masses and do not aect our general discussion. Also, such cor-
rections are of the same order of magnitude as other neglected eects, e.g. other threshold
eects in the RGE evolution.
APPENDIX B: THE SCALAR-SECTOR MASS SPECTRUM
In this appendix we collect all relevant formulae we use to calculate sfermion- and Higgs-
mass spectrum in the framework of the MSSM, with unication assumptions at the GUT
scale.
For sfermion masses, once the value of m
0
is xed at the GUT scale, one nds, by





























evolved soft SuSy-breaking mass and fermion mass, respectively. We will name ~m
Q(L)
the





the soft masses for right squarks and
charged leptons. In Eq. (B1), M
2
D


























(in units of e > 0) quantum numbers of the
fermion f . For the soft masses of the rst two generations, Yukawa-coupling eects can
be neglected and simple formulae hold. Indeed, they can be expressed, as functions of the
20




























































































































































































In Eq. (B3b), b
1;2;3
control the evolution of U(1), SU(2), SU(3) gauge couplings at the
one-loop level. Assuming for simplicity that the whole MSSM particle content contributes































































































= 3 is the number of matter supermultiplets and N
Higgs
= 2 the number of
Higgs doublets in the minimal SuSy. Since in the present analysis we use M
2
at the EW




















































which allows us to express m
1=2
in terms of M
2
in Eqs. (B2) and from which, in particular,
Eq. (A3) follows. In order to properly evaluate the sfermion spectrum through (B2), we











, then we use these values as




in the corresponding equation for ~m
F
), in order to
get out the rst order masses, and so on. After a few iterations we obtain fast convergence.
In this way, a sucient agreement with more sophisticated SuSy-spectrum calculations
(see, e.g., Ref. [16]) is found. In all our analysis, we neglect both Yukawa-coupling eects
in diagonal soft masses and left-right mixing for the third generation of sfermions.
Concerning the SuSy-Higgs sector, starting from the two independent parameters m
A
0




















































































As for the mixing angle  in the CP -even sector that enters the h
0






















<   0 : (B7)
In our computation, we assume, for the top-quark mass, m
t
= 174GeV. The Eqs. (B6a)
and (B7) take into account only the dominant contributions coming from top/stop loops
























, without seriously aecting our results.
22
REFERENCES
[1] H. E. Haber and G. L. Kane, Phys. Rep. 117, 75 (1985).
[2] S. Ambrosanio and B. Mele, \Neutralino Production as SuSy Discovery Process at
CERN LEP2", Preprint ROME1-1094/95, to be published in Physical Review D.
[3] A. Bartl, H. Fraas, W. Majerotto, Nucl. Phys. B278, 1 (1986); Z. Phys. C41, 475
(1988).
[4] J. F. Gunion, H. E. Haber et al., Int. J. Mod. Phys. A4, 1145 (1987); J .F. Gunion and
H. E. Haber, Phys. Rev. D37, 2515 (1988).
[5] H. Komatsu and J. Kubo, Phys. Lett. 157B, 90 (1985); Nucl. Phys. B263, 265 (1986);
H. E. Haber, G. L. Kane and M. Quiros, Phys. Lett. 160B, 297 (1985); Nucl. Phys.
B273, 333 (1986).
[6] H. E. Haber and D. Wyler, Nucl. Phys. B323, 267 (1989).
[7] M. Acciarri et al., L3 Coll., Preprint CERN-PPE/95-14.
[8] A. Bartl, H. Fraas, W. Majerotto, N. Oshimo, Phys. Rev. D40, 1594 (1989).
[9] S. Ambrosanio and B. Mele, in preparation.
[10] J. Ellis and G. G. Ross, Phys. Lett. 117B, 397 (1982); J. M. Frere and G. L. Kane,
Nucl. Phys. B223, 331 (1983).
[11] A. Bartl, H. Fraas, W. Majerotto, Nucl. Phys. B278, 1 (1986); A. Bartl, W. Majerotto,
B. Mosslacher, Proc. of the Joint Int. Lepton-Photon Symp. & Europhys. Conf. on High
Energy Phys., Geneva, Jul. 25-Aug. 1, 1991, vol. I, p.357.
[12] S. T. Petcov, Phys. Lett. 139B, 421 (1984); S. M. Bilenky, N. P. Nedelcheva and
S. T. Petcov, Nucl. Phys.B247, 61 (1984); J. Ellis, J. M. Frere, J. S. Hagelin, G. L. Kane
and S. T. Petcov, Phys. Lett. 132B, 436 (1983).
23
[13] A. Bartl, H. Fraas, W. Majerotto, B. Mosslacher, Z. Phys. C55, 257 (1992).
[14] A. B. Lahanas, K. Tamvakis and N. D. Tracas, Phys. Lett. 324B, 387 (1994); D. Pierce
and A. Papadopoulos, Phys. Rev. D50, 565 (1994); Nucl. Phys. B430, 278 (1994).
[15] L. E. Iba~nez and C. Lopez, Nucl. Phys. B233, 511 (1984); L. E. Iba~nez, C. Lopez
and C. Mu~noz, ibid. B256, 218 (1985); L. E. Iba~nez and G. G. Ross, in \Perspectives
on Higgs Physics", G. L. Kane (Ed.), p.229 and references therein; W. de Boer, Prog.
Part. Nucl. Phys. 33, 201 (1994); W. de Boer, R. Ehret and D. I. Kazakov, Preprint
IEKP-KA/94-05, hep-ph/9405342 (1994).
[16] G. L. Kane, C. Kolda, L. Roszkowski and J. D. Wells, Phys. Rev. D49, 6173 (1994);
D50, 3498 (1994).
[17] V. Barger, M. S. Berger and P. Ohmann, Phys. Rev. D47, 1093 and 2038 (1993);
V. Barger, M. S. Berger, P. Ohmann and R. J. N. Phillips, Phys. Lett. 314B, 351
(1993); V. Barger, M. S. Berger and P. Ohmann, Phys. Rev. D49, 4908 (1994).
[18] H. E. Haber and R. Hemping, Phys. Rev. Lett. 66, 1815 (1991); Y. Okada, M. Yam-
aguchi and T. Yanagida, Prog. Theor. Phys. 85, 1 (1991); Phys. Lett. 262B, 54 (1991);
J. Ellis, G. Ridol and F. Zwirner, ibid. 257B, 83 (1991); 262B, 477 (1991); R. Bar-




FIG. 1. Feynman diagrams for the 3-body neutral decays of the neutralinos.
FIG. 2. Feynman diagrams for the 3-body charged decays of the neutralinos.
FIG. 3. Feynman diagrams for the neutralino decays in neutral Higgses.
FIG. 4. Contour plot in the (;M
2
) plane for the dierence between the two lightest neutralino
masses, for tan = 1:5 (a) and 30 (b).
FIG. 5. Contour plot in the (;M
2
) plane for the dierence between the next-to-lightest neu-
tralino mass and the light chargino mass, for tan = 1:5 (a) and 30 (b).






 in the gauge of Ref.
[6]. For each graph shown, there is a further one with clockwise circulating particles in the loop.
FIG. 7. Interesting regions and scenarios in the (;M
2
) plane with tan = 1:5 (a) and 30 (b)
for neutralino search at LEP2 (
p
s = 190GeV). The NR

regions (bounded by kinematic-limit












production, respectively) and HCS

regions (outlined










) are indicated. The shaded
area corresponds to LEP1 limits.
FIG. 8. Contour plot in the (;M
2











values of tan and m
0
are shown in each case (cfr. Eqs. (3.1)). Lines of dierent style represent
contour levels for dierent values of the BR (as indicated, these values can change case-by-case).






















































FIG. 13. Contour plots in the (;M
2









values of tan and m
0










of the common scalar mass m
0
(GeV), in the scenario A of Tab. I. The solid, grey, dashed, dotted
lines represent the charged-leptonic, neutrino (summed over three species), hadronic (summed over
all light avours), and radiative channels, respectively. The dot-dashed lines represent the cascade



























FIG. 15. The same as in Fig. 14, but in the scenario B.
FIG. 16. The same as in Fig. 14, but in the scenario C.
FIG. 17. The same as in Fig. 14, but in the scenario D.
FIG. 18. The same as in Fig. 14, but in the scenario H
 
.
FIG. 19. The same as in Fig. 14, but in the scenario H
+
.
FIG. 20. Dierence between the two lightest neutralino masses (left) and between the













of tan , in the scenario
~
A. The solid, grey, dashed, dotted lines represent the charged-leptonic,
neutrino (summed over three species), hadronic (summed over all light avours), and radiative





































FIG. 22. The same as in Fig. 21, but in the scenario
~
B.
FIG. 23. The same as in Fig. 21, but in the scenario
~
C.
FIG. 24. The same as in Fig. 21, but in the scenario
~
D.










FIG. 27. Contour plot on the (;M
2











































FIG. 28. Widths in KeV (left) and BR's in percentage (right) for all ~
0
2
decays, as functions of
the common scalar mass m
0
in the scenario A. The solid, grey, dashed, dotted lines represent the
charged-leptonic, neutrino (summed over three species), hadronic (summed over all light avours),
and radiative channels, respectively. The dot-dashed line shows only the peaks of the width for





























of tan, in the scenario
~





FIG. 30. Contour plot in the (;M
2







The values of tan and m
0











 as function of tan in the scenarios (i)
(left) and (ii) (right) given in the text. In each scenario, the behaviour is given for three dierent


















TABLE I. Interesting scenarios for neutralino production at LEP2 (
p
s ' 190 GeV) in the




. Mass eigenvalues for charginos and neutralinos are given, as well as




. For light neutralinos, the physical composition is
reported as well.
Scenarios with tan  = 1:5








! ( 3; 1) ( 1; 1) ( 1; 1:5) (3; 1:5) ( 0:7; 3) (1; 3)
M
1
(GeV) ! 45:7 45:7 68:6 68:6 137:2 137:2

















) (%) (1; 0) (2; 2) (1; 13) (7; 1) (2; 97) (70; 5)





















































Mass (GeV) 289; 278 411; 395 774; 743
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